Aims and Purpose The aim of this study was to describe the prevalence and characteristics of drusen and pigmentary changes in a middle-aged population. Methods Retinal images from 500 individuals aged 18-54 years were included. The source of participants was two UK optometry practices. Retinal images were graded using the Wisconsin Age-Related Maculopathy Grading System. However, owing to the relatively young age of the population studied, a new category of drusen of smaller size (o31.5 mm) was introduced. Results Drusen were identified within the central macular grid in 91.48% of all gradable eyes and in 444 subjects. Drusen sized o31.5 mm were present in 89.7% of eyes, drusen sized 431.5 mm and o63 mm were present in 45.9% of all eyes and drusen 463 mm and o125 mm were present in only 1.7% of eyes. No eye had drusen larger or equal to 125 mm. Very few eyes (1.2%) showed pigmentary changes within the grid. Drusen load increased with increasing age, P o0.001. Conclusions The frequency of drusen in a younger Caucasian population aged 18-54 years is high, with 91.48% of all gradable eyes having drusen. The most frequent drusen subtype was hard distinct drusen o31.5 mm. No druse greater or equal in size to 125 mm was seen. Pigmentary changes are rare.
Introduction
Age-related maculopathy (ARM) refers to characteristic changes that occur in the macula as a function of age, such as the appearance of drusen, retinal pigment abnormalities, and patchy atrophy of the retinal pigment epithelium. These changes do not usually affect vision. 1, 2 Central vision can be severely affected if age-related macular degeneration (AMD) develops, characterised in its advanced form by geographic atrophy or choroidal neovascularisation. Drusen are the hallmark feature of ARM, and many studies have reported their prevalence 1, [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] and/or their natural history in US, 15, 16 European, [17] [18] [19] 20 Australian, 11, 21, 22 and pooled cohorts. 8 Although there is abundant information on drusen prevalence in those aged 50 years and older, only a minority of studies include subjects aged 50 years or less, either as part of cohorts for cross-sectional studies or at baseline in longitudinal studies. A minority of studies therefore can provide prevalence data on ARM in those under 50. 3, 6, 7, 12, 14 Data from the latest Beaver Dam report suggest that an even longer follow-up than their 15 years is necessary to quantify the risk of AMD associated with small hard drusen. 16 An obvious means to achieve this is to enrol subjects at an earlier age than recruited to date in such longitudinal studies. A lower age limit of 40 years was set for enrolment into the Visual Impairment Project (VIP), 7 the Los Angeles Latino Eye Study (LALES), 12 the Baltimore Eye Survey, 14 and the Barbados Eye Study Group. 23 Forty-three years was the lower age limit for the Beaver Dam cohort 3 and 30 years for Chesapeake Bay watermen. 24 The Colorado-Wisconsin study included subjects as young as 21 years, pooling data with the Beaver Dam cohort. We had noted that in young adults, that while the most common drusen diameter was o63 mm, many drusen appeared to be substantially smaller than 63 mm. The aim of this study is to report the (Figure 1 ).
Materials and methods
Digital retinal images from 500 consecutive subjects aged between 18 and 54 years attending two local optometry practices were included in the study. As this is an observational study to assess how frequently drusen occur in this age-group, power calculations were not required. A sample of 500 individuals and potentially 1000 eyes was selected as a reasonable number to study. The sample was opportunistic as subjects had attended the optometry practices on their own initiative. In both optometry practices retinal images are routinely taken of all subjects attending using a non-mydriatic 50
1 Canon CR-DGi digital camera (Canon U.K Ltd, Reigate, UK). The images were downloaded in an anonymised and coded manner. The only information available to the operators was the subject 0 s age. The images were randomised to allow each eye to be graded independently of the fellow-eye. Stereo images were not available. A 6000 mm AREDS retinal grid and circles of radius 500, 1500, and 3000 mm for central, inner and outer subfields, respectively, were calibrated for the Canon CR-DGi camera using Adobe Photoshop, following the Wisconsin Age-Related Maculopathy grading system. 25 Circles measuring 31.5, 63, 125 and 250 mm were calibrated to facilitate drusen sizing. Although the 31.5 mm circle is not a feature of current grading systems it was found during preliminary grading of 200 eyes that many drusen fell well below the conventional smallest druse size of 63 mm. The investigators therefore created a new drusen category of 31.5 mm to allow any future studies to capture progress from the 31.5 mm to a larger size. The images and customised grading grid and circles were uploaded to the Central Angiographic Reading Facility (CARF) reading platform. Graders had undergone training at the CARF, Queen 0 s University Belfast, UK. As quality control 100 images were graded by two graders and where a difference occurred, adjudication was by a third senior grader. Then all retinal images were graded by two graders using the Wisconsin Age-Related Maculopathy Grading System. Definitions of ARM and component lesions are as described by Klein et al 26 . For drusen of the smaller size; that is, o31.5 mm; when identification is potentially difficult, the definition of drusen used by Munch et al 27 was used: a drusen was defined as 'any bright element whose shape, colour or proximity to adjacent abnormality could not suggest that it was hard exudate'. Statistical analysis was performed using SPSS (IBM Software and Systems, Armonk, NY, USA). Age (at the time of retinal imaging) was treated categorically in four groups: group one (16-24 years), group two (25-34 years), group three (35-44 years) and group four (45-54 years) for logistic regression analysis, and in the smaller age ranges of 7 years for descriptive statistics.
We certify that all applicable institutional and governmental regulations concerning the ethical use of human volunteers/animals were followed during this research.
Results
Of the 500 participants identified, images from 973 eyes in 488 individuals had been taken. The mean age of participants was 36.2 years (range 18-54). The quality of images was graded as good in 96.0%, fair in 3.6%, and poor in 0.4%. Poor quality images were not graded and not all images were available for download, thus bilateral gradable images were available for 466 individuals and unilateral images for 19 individuals, making a total of 951 images. All three fields for grading were present in 98.9% of gradable images and two fields were present in 1.0%. Of the 100 images graded by two graders to assess reliability, there was disagreement on twelve of the 100 eyes. Results of the senior grader were included in the analysis.
Drusen were identified within the grid in 91.5% of all gradable eyes and in 444 subjects. Bilateral drusen were present in 89.6% of individuals and 1.9% had unilateral drusen. Of the subjects with bilateral drusen, drusen sized o31.5 mm were present in 89.7% of eyes; drusen sized 431.5 mm and o63 mm were present in 45.9% of all eyes and drusen 463 mm and o125 mm were present in 1.7% of eyes (Table 1) . No drusen greater or equal in size to 125 mm was present in any eye. As the majority of Very small drusen: a new subclass G Silvestri et al subjects (85.9%) had symmetrical findings the remaining results will be given in terms of total eyes. Logistic regression analysis was used to test association of age with drusen number and size, using four age groups as described in the 'Materials and methods'. The term 'drusen load' was used to take into account the number of drusen and drusen size per patient. Drusen load was significantly correlated with age (Po0.001), increasing with age in age groups one to three. In group one 37.4% of eyes had drusen while 60.3% in group three had drusen. Group four however, although older, showed a reduction in percentage of eyes with drusen. A more detailed breakdown of drusen frequency by age and size in 6 year groupings is shown in Table 2 .
Drusen were also analysed by the most severe drusen type (MSDT) present. The MSDT was defined by selecting the largest druse present and characterising its appearance and size according to the following categories: hard distinct drusen o31.5 mm, hard indistinct drusen o31.5 mm, hard distinct drusen 431.5 mm and o63 mm, hard indistinct drusen 431.5 mm and o63 mm, hard distinct drusen 463 mm and o125 mm, soft distinct drusen 463 mm and o125 mm, soft indistinct drusen 463 mm and o125 mm. Of the 868 eyes with drusen present, the MSDT present was hard distinct drusen o31.5 mm in 419 (48.3%), hard indistinct drusen o31.5 mm in 0.9%, hard distinct drusen 431.5 mm and o63 mm in 47.2%, hard indistinct drusen 431.5 mm and o63 mm in 1.5%, hard distinct drusen 463 mm and o125 mm in 0.7%, soft distinct drusen 463 mm and o125 mm in 1.0% and soft indistinct drusen 463 mm and o125 mm in 0.1%. Drusen equal or greater than 125 mm were not found in any eyes.
The most common locations for the most severe drusen were in the inner superior and outer superior subfields, followed by inner nasal. The central subfield was only the site of the MSDT in 6.7% of subjects. Drusen outside of the grid but in the posterior pole were present in 40.8% of eyes, with 60% of eyes having drusen o31.5 mm and 87.4% having drusen 431.5 mm and o63 mm. Only 1% of eyes had drusen 463 mm and o125 mm in size. Nasal drusen were present in 12.9% of these eyes.
Very few eyes (1.2%) showed pigmentary changes within the grid. Hyperpigmentation was present in 0.7% and hypopigmentation in the remaining 0.5%. Pigmentary stippling was present in 1.5% of eyes.
Discussion
Very small drusen (o31.5 mm diameter) were found in 89.7% of eyes. Drusen sized 431.5 mm and o63 mm were also common, evident in 45.9% of all eyes. However, drusen larger than 63 mm were very uncommon, present in only 1.7% of eyes. No drusen of 125 mm or larger was identified in this population.
Information on drusen prevalence in the age-group studied is not included in most studies on ARM, and the 'very small drusen' category has not been quantified previously in any age-group. 
Eye
The results are in good agreement with those few studies that include subjects o50 years of age. In the Beaver Dam population, drusen of any size were present in the macular area in 96.9% of those aged 43-54 years. 3 Among the Chesapeake Bay Watermen under 50 years of age, the prevalence of any drusen was 84%. 24 The prevalence of small drusen o63 mm was 95.5% of 220 subjects aged between 20 and 46 years in a study of drusen heredity, 27 but 40.5% of 40-49 year olds in the Barbados Eye Study. 23 The results of our study correlate well with those of the most comparable group for age, by Munch et al. 27 Our sample was 100% Caucasian and it is possible that lower prevalence in the Barbados Eye Study was due to ethnic factors.
In both Beaver Dam and the VIP the most common drusen size in younger age groups was drusen o63 mm diameter. It is not clear what proportion of these drusen o63 mm diameter would have fallen into the very small category of 31.5 mm.
The prevalence of larger soft drusen varies in different cohorts from 3.1% of 40 to 49 year olds in the VIP cohort, 7 to 7.1% of 43 to 54 year olds in the Beaver Dam cohort, 3 and to 15.4% of the 40 to 49 year olds in the LALES cohort. 12 This variation may partly be explained by variations in the definition of a soft druse. In our study soft drusen (soft distinct and soft indistinct) accounted for only 1.1% of drusen. In our sample there were no drusen 125 mm or larger in size, while in the Eye Diseases Prevalence Group cohort the prevalence of drusen 125 mm or larger was 1.4% in white females in the age-group 46-50 years. The results of our study were not unexpected as only 18.9% of our subjects were aged 46-54 years. 8 Drusen in the present study were distributed throughout most of the grid, with only 6.4% of drusen in the central field. It is possible that drusen become more prevalent centrally with increasing age and therefore central drusen are less common in this age-group. The most common location for drusen was in the inner and outer superior quadrants, which together accounted for 37.5% of all drusen found within the grid. Wang et al 29 described the pattern of distribution of macular drusen and of early of ARM in the Beaver Dam Eye Study (BDES) cohort. In that study, drusen were also more frequent in the superior quadrant followed by the temporal, nasal, and inferior quadrants, in that order. Early ARM changes were more frequent in the superior and nasal quadrants followed by the temporal and inferior quadrants. In our study the location of the most severe druse followed a similar pattern as early ARM changes in the BDES, most frequently being in the superior quadrant (37.5%), followed by the nasal quadrant (20.4%). Extra-macular drusen were also common in this study, with 40.8% having drusen outside the grid, including 12.9% of subjects who had nasal drusen. The presence of nasal drusen could imply a familial trait, perhaps suggesting that a genetic predisposition to AMD is more likely in these individuals. 30 The strength of this study lies in the large sample size and the standardised grading used. However, there are two obvious drawbacks, limiting the applicability of findings. Firstly, the sample was representative only of the population of those attending an optometry practice, and secondly potentially confounding factors, particularly smoking, hypertension, family history and refractive error, were not recorded.
Drusen numbers and size increased significantly with increasing age, as would be anticipated. However, subjects in age-group four (45-54 years) demonstrated a decrease in number of drusen compared with the age category 36-44 years. This could have been due to the nature of the sample, which was opportunistically selected from subjects attending optometry practices. While some participants likely attended for advice on ophthalmic problems other than refractive issues, it is likely that those aged 18-44 had refractive errors. In contrast 45-54 year olds may have been attending for the first time with presbyopic symptoms and may have been emmetropic before this. This may explain the lower drusen prevalence in the older age-group, although the association between hyperopia and AMD is still under debate, with some cohort studies finding supportive evidence and others not. [31] [32] [33] It is worth noting that a significant proportion of the general population is not emmetropic: in the Beaver Dam study, in the age-group 43-54 years, 22.1% of individuals were hyperopic and 43% were myopic. Our findings are not generalisable to the general population and should be considered frequency estimates rather than as prevalence data, but they are at least indicative of drusen prevalence in individuals with refractive errors, which account for over 60% of the population. 34 Inaccuracies may have occurred in the grading of hard indistinct drusen, especially with only 50 degree images being available. Hard distinct drusen are easily identified, while drusen that are less definite were placed in the hard indistinct category. It is possible that the significance of these small indistinct drusen is questionable but as they represent a very small number in our series 2.4%, it is unlikely that any misgrading would have a significant impact on overall drusen prevalence in this study. Stereo-photography and optical coherence tomography would be useful in future studies to assess the height of drusen.
The impetus for this study arose in relation to our group 0 s work on risk assessment for AMD. Offspring of patients with AMD may ask about their risk of the Very small drusen: a new subclass G Silvestri et al condition, and whether preventative strategies are indicated at an early age. Genetic predisposition in AMD is now much better understood but clinically meaningful analyses of gene-gene and genetic-environment interactions are complex. The significance of very small drusen is not clear, and longitudinal studies would be required to determine their prognostic value. It is suggested that drusen associated with normal aging are distinct from those, which represented the earliest detectable signs of ARM. 28 However ,the presence of unexpected drusen, even if the drusen are very small, in individuals in this age-group could help identify those most at risk of ARM, justifying either targeted genetic testing to better assess risk and/or selective intervention with micronutrient supplementation and advice on modifiable lifestyle factors at a much earlier age.
Summary
What was known before K Data on drusen prevalence in the under 50s is scarce. K Many drusen in the under 50s are substantially o63 mm diameter.
What this study adds
K Very small drusen (o31.5 mm diameter) are highly prevalent, being present in 89.7% of eyes in subjects aged 18-54 years.
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